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INTRODUCTION 
One of the fields of research now occupying the attention of various 
agencies is the practical commercial utilization of agricultural wastes such 
as the cornstalk, corncob, oat hulls and the like. One method of utiliza-
tion holding promise is the production of chemicals by the fermentation 
of these products. The commercial production of chemicals by fermenta-
tion of agricultural products is old, but until recently was practically lim-
ited to the chemicals-ethyl alcohol and acetic acid, from the grains and 
fruits. Later black-strap molasses, a waste product from the cane sugar 
industry, has become an important source of ethyl alcohol and glycerol. 
One of the most significant recent developments in the field has been the 
large scale production of butyl alcohol and acetone by the anaerobic fer-
mentation of corn. One plant uses thousands of bushels of corn per day 
in this process. 
The commercial processes mentioned deal, for the most part, with the 
fermentation of cellulose, disaccharides such as cane sugar and maltose, or 
monosaccharide hexoses such as dextrose. 
The agricultural waste products, such as cornstalks, corncobs and oat 
hulls, contain a large proportion of pentosans, which are carbohydrate 
materials yielding pentoses, especially xylose, upon hydrolysis. In the 
utilization of these materials it is necessary to deal with and develop the 
fermentation chemistry of the pentosans. Before proceeding directly with 
the pentosans it is necessary to know more about the chemism of organ-
isms acting on a pure pentose such as xylose. Such was the purpose of 
this investigation. The ultimate goal would be to take a typical fermenta-
tion and make a complete study of the effect of physical and chemical en-
vironment on the kind and amount of substances produced, with a view 
to control of yields of valuable products. 
Because of the complexity of the problem and more immediately of 
the unsatisfactory state of analytical methods in this type of work, it has 
developed that this report is preliminary in nature, covering the qualita-
tive analysis for the products produced by Aerobacter faeni on xylose and 
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sucrose, and a preliminary study of the relative amounts of the products 
produced under aerobic and anaerobic conditions. 
HISTORICAL 
Comparatively few studies have been made of the fermentation of 
xylose, in which the dissimilation products have been adequately identified. 
The work that has been done is summarized in table 1. References where 
impure or mixed cultures were used are not included, nor are those where 
it was simply reported that the organism utilized xylose as a source of 
carbon .. 
TABLE 1. Dissimilation products of a:ylose 
Organism Products Authority 
Friedlander 's acetic ac., ethyl ale., I-lactic Grimbert, 1896 
pneumo bacillus ac., succinic ac. 
Sorbose bacterium xylonic ac. Bertrand, 1898 
Citromyces citric ac. W ehmer, 1913 
Lactobacillus acetic ac., lactic ac. Fred, Peterson and Davenport, 1919 
pentoaceticus 
-
B. acetoethylicum acetone, ethyl ale. Northrop, Ashe and Morgan, 1919 
B. acetoethylicum acetone, ethyl ale., formic ac. Northrop, Ashe and Senior, 1919 
B. lactis aerogenes acetic ac., butyric ac., ethyl l<"'rcd and Peterson, 1920 
B. para typhoid ale., formic ac., lactic ac., 
B. typhosus succinic ac. 
B. acetoethylicum acetic ac., formic ac., lactic 
ac., ethyl ale., acetone, C02 
Arzberger, Peterson and Fred, 1920 
Lactobacillus acetic ac., lactic ac. Anderson, Fred and Peterson, 1920 
pentoaceticus 
Lact o b-acilltus acetic ac., Fred, Peterson and Anderson, 1921 
pentosus 
Lactobacillus lactic ac. 
pentoaceticus 
B. grarvulobacter acetic ac., acetone, butyl ale., Speakman, 1923 
pectinovorum butyric ac., lactic ac. 
Acetobacter acetone, CO, Fred, Peterson and Anderson, 1923 
a;ylinum 
B. herbicola ethyl ale. 
aureum 
B. vulgatus 
-
B. granulobacter acetone, butyl ale., co. Peterson, Fred and Schmidt, 1924 
pectinovorum 
Sacc. cerevisiae ethyl ale., CO,, glyceric I Abbott, 1926 
aldehyde ( f) 
Asp. niger citric ac., oxalic ac. Amelung, 1927 
Asp. niger citric ac., oxalic ac. Bernhauer, 1928 
Propionibacterium acetic ac., CO, I Werkman, Fulmer and Rayburn, 
pentosaceum propionic ac. 1929 
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DESCRIPTION OF THE ORGANISM USED 
The organism finally decided upon is known as Aerobacter f aeni, 
Burkey, which was isolated and identified by Burkey (1928) in his studies 
on bacteria attacking constituents of the cornstalk. This organism, among 
other advantages, will grow well in a medium containing inorganic nitro-
gen in the form of ammonium salts. It grows rapidly on xylose, produces 
gas, and is relatively easy to handle. 
The description of the organism as given by Burkey follows : 
"Non-motile rods, 1.0µ. broad and 1.0µ. to 3.0µ. long, conforming to the 
generic diagnosis. Acid and gas produced from the mono- and di-sacchar-
ides, including melezitose, from pentose sugars, raffinose, rhamnose, treha-
lose, salicin, aesculin, all the alcohols except erythritol, from glycogen, 
soluble starch, and pectin. No fermentation from amygdalin, inulin, or the 
pentosans. Acid and gas in litmus milk. Indol produced. Gelatin not 
liquefied. Isolated from hay infusion.'' 
EXPERIMENTAL 
A. THE MEDIUM 
The medium as finally developed had the following composition: 
Medium A 
Sugar 
NH4Cl 
K2HP04.3H20 
MgS04.7H20 
CaCOs (ppted.) 
Made up to 1 liter 
20.0 g. 
6.0 g. 
1.0 g. 
1.0 g. 
10.0 g. 
The pH of this medium was as made up about 7.2. The pH after ster-
ilization was 7.0. The concentrations of the salts used were those found 
to give maximum utilization of xylose. The maximum amount of xylose 
used in this medium by Aerobacter faeni was about 70 g. per liter. 
B. QUALITATIVE ANALYSIS 
1. Disciission 
Since nothing was known of the nature of the products produced by 
this organism, other than the results of the standard tests used in classify-
ing it, it was necessary to make a qualitative analysis of the products re-
sulting from the fermentation. As the result of a large number of tests 
on the mixtures the following substances have been found: Ethyl alcohol, 
2-3-butylene glycol, acetylmethyl carbinol, acetic acid, formic acid, succinic 
acid, I-lactic acid, 002, H 2 and butyric acid. The general method used by 
the organic chemist in identifying the compounds in a mixture is to sepa-
rate them by various physical and chemical procedures, to purify them 
and then to identify them by elementary analysis, determination of physi-
cal constants and preparation of derivatives. In practice this method is 
somewhat modified in identifying the products formed in fermentation. 
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Since the solutions are dilute instead of concentrated, some of the pro-
ducts are present only in small amounts. In this type of work sensitive 
specific tests are much to be desired. The compounds or groups of com-
pounds produced are often characteristic of the species of organism used, 
in fact, this is one basis of bacteriological classification. As a result the 
usual practice is first to make specific tests for those substances whose 
presence is suspected. The next step is to discover by analysis whether all 
of the carbon is accounted for. If the amount not accounted for is larger 
than the error allowed by the methods of separation and analysis used a 
more systematic investigation is necessary. In this work it was not found 
feasible to ferment a large amount of medium and then make all the quali-
tative tests on its contents, for as soon as the flask has been opened it is 
subject to contamination from other bacteria and molds. Instead, the vari-
ous fractions r esulting from separation, such as volatile acids and non-
volatile acids, from a number of flasks were carefully examined. Finally, 
when the various products were identified, and the methods of separation 
were developed, a qualitative examination was made for these products of 
a single flask. 
At the time this work was inaugurated the price of xylose was so great 
that sucrose was used when it was desired to obtain a large amount of 
some product for closer examination and development of analytical meth-
ods. This substitution is justified by the fact that as a rule the same fer-
mentation products are produced from sucrose or from xylose. The ratio 
of these products, however, may not be identical from different sugars. 
~..,or final results analyses were carried out on both xylose and sucrose sub-
strates. 
2. The Identification of the P1·oducts Formed frori"i Xylose and Sucrose 
The medium was placed in a two-liter Erlenmeyer flask, closed with a 
cotton plug and sterilized one-half hour at 15 pounds pressure. After cool-
ing to room temperature it was inoculated with 5 cc. of a 24 hour culture 
and incubated at 37°. 
At the end of eight days the fermentation had apparently ceased, so 
the contents were subjected to investigation. The tests were carried out as 
follows: 
X ylose. A 25 cc. portion was tested for unused xylose by means of the 
phloroglucinol method as described in the Official Methods of the A.O.A.0. 
This method is quantitative and is based on the transformation of the 
xylose to furfural when treated with 12 per cent HCL The furfural is 
then determined by precipitating it as the furfural phloroglucide which 
can be filtered and weighed. No xylose remained unfermented. 
Acetylmethyl carbinol and 2-3-biitylene glycol. The solution was tested 
for the presence of acetylmethyl carbinol and 2-3-butylene glycol by the 
specific test devised by Lemoigne (1920) and modified by Kluyver, Donker 
and Visser 't Hooft ( 1925). Both products were found to be present, the 
2-3-butylene glycol apparently predominating in amount. The test was 
carried out as follows : A 15 cc. sample of the neutralized solution was 
placed in a 500 cc. distilling flask, connected to a water cooled condenser 
and mixed with 5 cc. of a 45 per cent ferric chloride solution and 1 cc. 
of 0.5 N acetic acid. Heat was applied and 10 cc. slowly distilled into a 
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test tube. The distillate was mixed with 1 cc. of a 20 per cent water solu-
tion of hydroxylamine hydrochloride, 2 cc. of a 20 per cent solution of 
sodium acetate and about five drops of 10 per cent nickel chloride solution. 
The mixture was then boiled for a few minutes. A precipitate of fine red 
needles was formed if acetylmethyl carbinol was present in the original 
solution. 
The test is caused by the oxidation, by ferric chloride, of the acety-
methyl carbinol to the easily volatilized diacetyl which is distilled off. 
The diacetyl reacts with the hydroxylamine to form dimethyl glyoxime, 
which in turn reacts with the nickel chloride to form the characteristic red 
insoluble nickel dimethyl glyoxime. These transformations can be symbol-
ized as follows : 
CH3-C=O+FeC13 CHa-C=O CHa-C=N-OH 
I ~ I +NH20H I 
CI-:h-C-OH CHa-C=O --~ CHa-C=N-OH+NiC12 
H 
A.cetyl methyl carbinol Diacetyl dimethyl glyoxime 
CHa-C=N-OH H0-N=C-CH3 
I I 
C~-C-N-O-ffi-0-N=C-C~ 
Nickel dimethylglyoxime 
The ferric chloride oxidizes the acetylmethylcarbinol but not the 2-3-buty-
lene glycol. Bromine, in the presence of iron salts, oxidizes 2-3-butylene 
glycol to diacetyl. The glycol can therefore be tested for in the residue 
from the acetylmethylcarbinol test. The glycol, having a low vapor pres-
sure, is not appreciably lost when the diacetyl is distilled off. The test was 
carried out as follows. The residue in the distilling flask was mixed with 
15 cc. of water, 2 cc. of bromine and 3 g. of solid sodium acetate and re-
fluxed for 20 minutes on a water bath. The most satisfactory apparatus 
in which to carry out the bromine treatment was found to be a soil flask. 
This consists of an Erlenmeyer flask with a ground glass stopper in which 
is sealed a straight tube about 100 cm. long. The water jacket of a con-
denser can be attached to it to make a water cooled reflux condenser. 
After cooling to room temperature the solution was decanted from any 
liquid bromine remaining. The bromine in the solution was exactly neutral-
ized by means of a saturated solution of sodium thiosulfate, using starch 
potassium iodide test papers to determine the neutralization point. The 
solution was then slowly distilled, 10 cc. were collected, neutralized to 
litmus with NaOH and tested for diacetyl as above. 
CHa-CHOH 
Br2 
----~ 
Fe Ola 
CHa - CHOH 
2-3, butylene glycol 
CHa-C=O 
CHa - C=O 
diacetyl 
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Alcohol. The remainder of the solution was made distinctly alkaline 
to litmus with Ca(OHh, filtered from excess Ca003 and distilled, first at 
atmospheric pressure, then finally under reduced pressure (20 mm. at 
55°C.) until less than 50 cc. remained. The distillate was mixed with 50 g. 
NaHS03 to hold back the acetylmethylcarbinol, and distilled until about 
100 cc. remained. This distillate, which was slightly acid due to the pres-
ence of some S02, was made alkaline with NaOH and again distilled, using 
a short fractionating column. The distillation was continued until less than 
100 cc. of solution remained in the distilling :flask. The distillate, which 
was neutral to litmus, was mixed with about 25 g. of potassium dichromate 
and 50 cc. of concentrated sulfuric acid and then refluxed for 15 minutes. 
After cooling to room temperature the solution was transferred to a dis-
tilling flask and distilled until about 200 cc. remained. This residue was 
subjected to steam distillation until a 10 cc. fraction of the distillate col-
lected in a test tube did not decolorize one drop of phenolphthalein in one 
drop of 0.1 N NaOH. The acid distillate was made up to one liter and a 
50 cc. portion titrated with 0.0611 N Ba(OHh using phenolphthalein as 
indicator. The amount required was 19.15 cc. A 400 cc. portion, equivalent 
to 153.2 cc. of 0.0611 N Ba(OHh was then subjected to a Duclaux dis-
tillation as modified by Knetemann. (See description in the section on 
quantitative analytical methods.) The results are given in table 5. 
TABLE 5. Distilling constwnts of volatile acid produced from alcohol 
No. of cc. dis- Cc. 0.0611 N Pctg. acid in Pctg. acid for pure 
tilled from Ba(OH), re- distillate acetic (Knete-
400 cc. quired mann) 
50 12.8 8.3 8.2 
100 13.6 17.2 16.8 
150 14.3 26.6 26.1 
200 15.2 36.5 36.1 
250 16.3 47.2 46.9 
300 18.0 58.9 59.1 
The distilling constants, as shown in table 5, for the acid obtained by 
oxidation of the alcohol, agree very well with the distilling constants for 
pure acetic acid. Confirmation was obtained by neutralizing the remain-
der of the solution with NaOH, evaporating to dryness and preparing the 
p-toluide as described by Mulliken (1904, pp. 81-82). The p-toluide melted 
sharply at 147°. The melting points of the p-toluides of the volatile acids 
are given by Mulliken as follows: 
Acetic acid 
Propionic acid 
n-Butyric acid 
acet-p-toluide 
propion-p-toluide 
butyr-p-toluide 
m.p. 146°-7° 
m.p. 123.5°-124.5° 
m.p. 72.5°-73.5° 
This proves ethyl alcohol to be the only volatile alcohol present in appre-
ciable quantities in the fermentation mixture. 
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Volatile Acids. The residue from the removal of the neutral volatile 
products was acidified to Congo-Red paper with dilute H 2S04 and sub-
jected to steam distillation. The distillation was discontinued when a frac-
tion of more than 5 cc. of distillate was required to decolorize one d~op of 
phenolphthalein in one drop of O.lN NaOH. The distillate, about 1500 cc., 
was made up to two liters and an aliquot portion titrated. It was found 
that 400 cc. were equivalent to 105 cc. of 0.0611 N Ba(OHh A 400 cc. 
portion was then subjected to a Knetemann distillation. The results are 
given in table 6. 
TABLE 6. Distillation constants of volatile acids 
Cc. distilled Cc. 0.0611 N Pctg. acid in Pctg. acid for Pctg. acid 
from 400 Ba(OH) , re- distillate pure formic pure acetic 
cc. quired (Knetemann) 
50 7.5 7.1 4.7 8.2 
100 8.2 . 14.9 10.0 16.8 
150 8.4 22.9 16.0 I 26.1 
200 9.2 31.7 22.6 36.1 
---
250 10.1 41.3 30.5 46.9 
- -
300 11.5 52.3 40.1 59.1 
-
The distilling constants in table 6 indicate that the volatile acids are 
largely formic and acetic, though the evidence is not conclusive since these 
results might conceivably be obtained by a mixture of formic with one of 
the higher volatile acids such as propionic or butyric. To clear up this 
point one-half of the remaining acid solution was neutralized with NaOH 
and evaporated completely to dryness. The salt obtained was tested for 
formates by dissolving part of it in water containing a little HgCb and 
boiling. A white precipitate of Hg2Cb was obtained, which under the 
conditions used is a positive test for formic acid. A little of the salt was 
also boiled with AgN03• A black precipitate of metallic silver was ob-
tained, showing the pressure of formates. The salt also reduced alkaline 
potassium permanganate. (Mulliken 1904, p. 83 and Allen, I., p. 486.) 
The results obtained in the manner described are satisfactory proof of the 
presence of formic acid. The remainder of the sodium salt was examined 
to determine the nature of the other volatile acid radicals by preparing the 
p-toluides as described above. After several recrystallizations a p-toluide 
was obtained which melted at 148°, showing the presence of acetic acid in 
the fermentation mixture. These results show that the only volatile acids 
present in appreciable amounts are formic acid and acetic acid. 
Non-Volatile Acids. The residue from the steam distillation of the 
volatile acids was extracted continuously with ether for 72 hours in an 
apparatus described later. The ether extract was added to about 400 cc. 
of water and the ether removed by warming on a water bath. The solution 
was then boiled for a few minutes and titrated hot with 0.25 N Ba(OHh 
using phenolphthalein as indicator. The solution, containing the barium 
salts of the non-volatile acids, was then evaporated on a water bath to a 
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volume of about 30 cc. It was then poured ill.to 120 cc. of 95 per cent ethyl 
alcohol and allowed to stand for two days. The barium succinate is quite 
insoluble and precipitates out. Barium lactate is soluble under these con-
ditions. The precipitate was filtered off and dissolved in about 50 cc. of 
water. A slight excess of H 2S04 was added to precipitate the barium as 
BaS04 and the solution was filtered and extracted for 48 hours with ether. 
The extract was evaporated to dryness and the crystals obtained were 
treated with p-toluidine in the manner described by Mulliken (p. 86). 
The melting point of the p-toluide obtained was 256°. The melting point 
given by Mulliken for succinic acid p-toluide is 254.5°-255.5°. The crys-
tals of succinic acid when recrystallized from hot water, dried, and mixed 
with an authentic sample of succinic acid did not depress its melting point 
of 186°. These results prove the presence of succinic acid. The solution 
remaining after filtering off the barium succinate was tested for lactic acid 
by both the Uffelmann (1909) and Fletcher Hopkins (1907) tests. Both 
tests were positive. 
The Uffelman test was carried out as follows. A reagent was prepared 
by mixing 10 cc. of a 4 per cent solution of phenol with 20 cc. of water 
and adding one drop of 1 per cent Fe013 . This forms a clear liquid of an 
amethyst color, which is turned yellow by a solution containing lactic acid. 
According to Uffelman, the test is sensitive to 1 part in 10,000 of lactic 
acid. This test is not specific for lactic acid, but is given also by tartaric, 
citric, malic and oxalic acids. However, the presence of none of these 
other acids is to be expected in a fermentation of this type. 
The Fletcher Hopkins test was carried out in the following manner. 
A few drops of the suspected solution, 5 cc. of concentrated H 2S04, and a 
drop of a saturated CaS04 solution were heated in a test tube placed in a 
water bath for two hours. The tube was cooled and 2 to 3 drops of a 
dilute solution of thiophen (50 drops in 100 cc. alcohol) were added. The 
presence of lactic acid was shown by the formation of a light cherry-red 
color when the tube was again heated on the water bath. The reaction is 
caused by the formation of acetaldehyde from the lactic acid. The color 
is the result of a product formed by reaction of the acetaldehyde with 
the thiophen. 
Both these tests, while giving a good indication of the presence of 
lactic acid, are not specific, so the zinc salt was prepared. The alcoholic 
solution of the barium lactate was evaporated on the water bath to remove 
the alcohol and the barium lactate was dissolved in about 100 cc. of water. 
'rhe barium was removed by adding the theoretical amount of 0.25 N H 2S04 
to form BaS04, which was filtered off. The solution of lactic acid was then 
boiled with an excess of zinc carbonate and the excess zinc carbonate fil-
tered off. The solution was decolorized by boiling with a few grams of the 
decolorizing carbon known as Norit and allowed to evaporate at room tem-
perature in the open air. After crystallization the salt was dried to con-
stant weight over sulfuric acid and the percentage of moisture determined 
by heating for three hours at 103°-5°. It was found that the moisture was 
13 per cent. The racemic zinc lactate has three molecules of water, or 18.17 
.per cent, while the optically active form contains two molecules of water, 
or 12.9 per cent. The salt when dissolved in water was found to be dextro 
rotary when examined in a polarimeter. This shows that the free acid has 
a levo rotation. 
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Gaseous Products. A small portion of the medium containing xylose 
was placed in an ordinary fermentation tube, sterilized and inoculated with 
1 cc. of a 24 hour culture. After the evolution of gas had stopped, on the 
third day, the tube was filled with 25 per cent NaOH and shaken. The 
volume of gas decreased from 9 .5 cc. to 4.5 cc. The gas remaining exploded 
in air when ignited. This indicates that the gaseous product was composed 
of carbondioxide and hydrogen in approximately equal parts by volume. 
In examining the products formed from sucrose the fermentation and 
analysis were carried out in exactly the same way as described for xylose. 
The presence of unfermented sugar, however, was determined by the reduc-
ing power before and after inversion by hydrochloric acid, as determined 
by the Shaffer Hartman ( 1921) method. 
C. The Relative Amounts of the Products Formed Under Ael'Obic and 
Anaerobic Conditions from Xylose and Sucrose 
1. Infroduction. Before an exact study of the effect of environmental 
change on the amounts of various fermentation products formed can be 
made, it will be necessary to have exact methods of analysis for these pro-
ducts. If the study were limited to the quantitative determination of a 
few selected substances, such as carbon dioxide or unfermented xylose, the 
problem would be much simpler, for the analytical methods for these com-
pounds are fairly precise. But with the analytical methods available at 
the present time an exact determination of all the various products which 
are present in a fermentation mixture, such as results from the action of 
Aerobacter faeni on sugar, is impossible. 
In view of this fact, it was decided to make a study of the relative 
amounts of the various products formed under conditions differing in 
environment as much as possible. Many organisms are quite sensitive to 
changes in chemical or physical environment and will not grow except un-
der conditions varying within narrow limits. Aerobacter faeni, however, is 
a facultative organism growing almost equally well under both aerobic and 
anaerobic conditions. This suggested a study of this environmental change 
on the relative amounts of the various products formed. 
c E A r 
Fig. 1. Fermentation apparatus. 
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2. Procedure. All of the fermentations were carried out in the same 
type of apparatus. Aerobic conditions were established by passing air 
through the fl.ask, and for anaerobic conditions hydrogen was used. The 
description of the apparatus is as follows: (See fig. 1.) 
A. The fermentation fl.ask, a two-liter Erlenmeyer 
1. Gas inlet tube containing a plug of cQtton at the outer end 
2. Gas outlet tube containing a glass stopcock 
3. Tube for introducing inoculum 
(a) Thick walled rubber tubing 
(b) Screw clamp 
(c) Cotton plug 
B. Vanier absorption bottle containing 40 per cent KOH 
C. Absorption bottle containing 0.5 N KOH 
1. Short piece of glass tubing filled with beads 
2. Soda lime tube 
D, E. Gas washing bottles containing strong KOH 
F. Mercury trap 
1. Tube attached to gas source 
Because of the decomposition of xylose at high temperatures in solu-
tions containing salts, separate sterilization was employed when this sugar 
was used as substrate. The fermentation fl.ask containing the medium 
was placed in the autoclave and sterilized 30 min. at 15 lbs. pressure. 
During the process the glass stopcock was closed and the screw clamp 
open. After sterilization the fl.ask was connected to the remainder of the 
apparatus, with the screw clamp closed and the stopcock open. A stream 
of gas was bubbled through the medium while it cooled so that it would 
be saturated with the gas. After reaching the temperature of the incubator 
(37°0.), the fl.ask was inoculated with 5 cc. of a 24 hour culture. On the 
next day, and each day following, the gas was shut off at (a) by means of 
a screw clamp, forcing it to escape through the mercury trap. The stop-
cock was then closed and the vanier bottle removed and weighed to deter-
mine the amount of 002 absorbed. To insure the presence of excess alkali 
the solution was renewed after 6 grams of 002 had been absorbed. After 
about 8 to 10 days, when practically all of the 002 had been evolved, the 
aeration was stopped. The fl.ask was then cooled to room temperature and 
10 cc. of 40 per cent 002-free NaOH added to it. The reason for adding 
the strong alkali was to make the solution sufficiently alkaline to prevent 
any further bacterial action. It had one unexpected but very satisfactory 
result. A fl.occulent precipitate was formed, probably magnesium am-
monium phosphate, which, when settling, carried down with it all of the 
suspended bacteria, leaving the solution perfectly clear. The solid mate-
rial was :filtered off and washed. The filtrate and washings were made up 
to two liters with 002-free distilled water and analyzed by the methods 
described in the following paragraphs. 
THE CHEMICAL ACTION OF AEROBACTER FAENI 143 
3. Methods of Analysis Used. Each different combination of products 
will require slightly different methods of approach in chemical analysis. 
In the following described methods only the substances which have been 
found present by the qualitative analysis are considered. 
Carbon dioxide. The amount of C02 produced in the fermentation 
was calculated after determining the amount absorbed in the absorption 
train, the amount present in the medium and the amount in the solids 
which had been filtered off. From this total was subtracted the amount 
originally present in the 10 g. of CaC03 • The difference was the amount 
produced from the sugar. As stated previously, the amount of C02 ab-
sorbed in the vanier bottle was determined by weight. The amount in the 
other gas absorption bottle was determined by titrating an aliquot portion 
with 0.5 N HCl, using phenolphthalein as indicator, after the addition of 
sufficient 2 N BaC12 to precipitate the carbonate. By knowing the value 
of the blank the amount of C02 absorbed could be calculated. The amount 
of C02 present in the fermentation mixture was calculated from the deter-
mination of C02 in a 200 cc. aliquot portion. The apparatus used was that 
described by Heck ( 1929). The same apparatus was used to determine the 
C02 present in the solid material except that a vanier bottle was inserted 
between the absorption flask and the remainder of the apparatus to take 
care of the large amount of C02 evolved. 
Acetylmethylcarbinol. Two methods were used in determining the 
amount of this compound present in the mixture. The first method was the 
Kluyver, Donker and Visser't Hooft (1925) modification of Lemoigne's 
(1920) method as adapted for an analytical procedure by Wilson, Peter-
son and Fred ( 1927). The determination was carried out as follows. A 
200 cc. aliquot portion of the fermentation mixture was made just acid to 
litmus with acetic and mixed with 20 cc. of 40 per cent FeC13 • The solu-
tion was then slowly distilled until 100-125 cc. of distillate had been col-
lected. The distillate was mixed with 10 cc. of 20 per cent hydroxylamine 
hydrochloride, 20 cc. of 20 per cent sodium acetate and 5 cc. of 10 per cent 
nickel chloride, and refluxed for 15 minutes. The precipitate of nickel 
dimethylglyoxime was filtered in a Gooch crucible, dried and weighed. 
Grams of nickel dimethylglyoxime X 0.6097 =grams of acetylmethylcar-
binol. 
Apparently no work has been done to determine the completeness of 
the oxidation of acetylmethylcarbinol to diacetyl by FeC13. Wilson, Peter-
son and Fred (1927) found that by starting with pure diacetyl only 70-75 
per cent was recovered as the nickel dimethylgloxime. Results obtained 
in the present investigation indicate that the values obtained for acety-
methylcarbinol by this method are consistently about 25 per cent lower 
than the values obtained by the second method. By comparing these re-
sults with those obtained for pure diacetyl mentioned in the foregoing, it 
would appear that the oxidation to diacetyl is complete, but that a con-
sistent loss of about 25 per cent of the diacetyl occurs during the distilla-
tion or subsequent treatment. 
The second method for the determination of acetylmethylcarbinol is 
based on the fact, discovered by Pechmann and Dahl (1890), that this sub-
stance reduces Fehling's solution. Kling (1906) found that the reaction 
was quantitative, the only product of oxidation being acetic acid. He re-
ported that 1 gram of acetylmethylcarbinol was equivalent to 2.85 grams 
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of copper when oxidized by an alkaline solution of Cu 0. Walpole (1911) 
used the method for the determination of acetylmethylcarbinol in fermen-
tation mixtures, and reported that 1 cc. Fehling's solution = 2.48 Mg. of 
acetylmethylcarbinol. 'rhis indicates that one gram of the carbinol = 3.556 
gm. Cu. Pederson and Breed (1928) employed the reduction method, but 
used a calculated value based on the equation CH3CHOHCOCH3 + 
Cu 0 = 2 Cu2 0, which gives the ratio between cuprous oxide and acetyl-
methylcarbinol as 1 to 0;2767 or 1 gram acetylmethylcarbinol = 3.25 g. Cu. 
They considered their results too low. Since the reduction value of acetyl-
methylcarbinol was not known for the method of reduction used in the 
Shaffer Hartmann procedure, the value obtained by Kling was arbitrarily 
chosen. The method was adapted to the present problem by determining 
the reducing power of an aliquot portion of the fermentation mixture 
using the Shaffer Hartmann method and making a correction for the 
amount of sugar and formic acid present. It is possible that some acetyl-
methylcarbinol was lost by aeration during the fermentation. 
2-3-Butylene Glycol. Attempts to determine 2-3-butylene glycol by 
oxidation to diacetyl with bromine gave very inconsistent results, confirm-
ing the experience of Donker (1926). The method finally adopted con-
sisted in extracting the glycol and weighing it. The determination was 
carried out in the following manner. 
A 500 cc. aliquot portion of the fermentation mixture was evaporated 
under reduced pressure to a volume of about 100 cc., keeping the tempera-
ture below 45°. 'rhe solution was then saturated with NaCl and extracted 
for 72 hours with ether in the apparatus described below. (See fig. 2.) 
A 
Fig. 2. Ether extraction apparatus. 
A. 250 cc. distilling flask. 
B. Hopkins condenser. 
C. 250 cc. Erlenmeyer flask. 
D. Electric hot plate. 
• 
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After the extraction was completed the extract was mixed with about 
20 grams of anhydrous sodium sulfate and allowed to stand over night. 
The salt was then filtered out and washed five or six times with ether which 
had been dried over sodium. The filtrate and washings were evaporated to 
a small volume and transferred to a weighing bottle. The remainder of the 
ether was evaporated and the glycol allowed to attain constant weight in 
a desiccator containing concentrated sulfuric acid. The amount of impuri-
ties in the glycol separated by this method is quite small, as was found 
when this fraction from a large amount of fermentation mixture was ex-
amined. However, it is necessary that the solution should be strongly alka-
line as otherwise some acids will be extracted. When acetylmethylcarbinol 
was found to be present in the fermentation mixture, the amount of it 
present in the glycol extract was determined and the correction applied. 
The determination was made by dissolving the glycol in water, making up 
to 100 cc. and examining an aliquot portion for reducing power. 
Sugar. Xylose was determined in a 50 cc. portion of the mixture by 
the phloroglucinol method. Sucrose was calculated from the difference in 
reducing power before and after inversion. Inversion was accomplished 
by mixing 50 cc. of the mixture, which had been made just acid to litmus 
with HCl, with 5 cc. of Cone. HCl and allowing it to stand 24 hours at room 
temperature. The solution was then made just alkaline to litmus with 
strong KOH, made up to 100 cc. and an aliquot portion titrated by the 
Shaffer Hartmann method. In carrying out the reduction the method of 
heat control, using a manometer, which is described by Morrow (1927, 
pp. 199-200) was used. 
Ethyl Alcohol. Most of the methods in use for the determination of 
small quantities of ethyl alcohol are based on its oxidation to acetic acid 
by means of K 2Cr20 7 and H2S04. The usual procedure is to distill off the 
alcohol from a neutral solution, treat the distillate with a mixture of potas-
sium dichromate and sulfuric acid and distill with steam. The acetic acid 
in the distillate is then titrated with alkali. Dox and Lamb ( 1916) modified 
the method so as to determine the alcohol in a small sample of solution. 
Their modification consisted in removing the alcohol from a dilute alcoholic 
solution saturated with ammonium sulfate, by passing air through it. The 
alcohol vapor was absorbed in concentrated sulfuric acid. The acid con-
taining the alcohol was then mixed with K 2Cr20 7 and steam distilled as de-
scribed above. Tomoda (1929) modified the method of Dox and Lamb by 
saturating the solution with sodium bisulfite instead of ammonium sulfate, 
making possible the determination of ethyl alcohol in the presence of vola-
tile aldehydes and ketones. This method did not prove satisfactory in the 
present investigation because the very small sample (5 cc. out of 2000 cc.) 
introduced a large error. 
The method finally adopted was as follows. Two hundred cubic centi-
meters of the fermentation mixture were mixed with 35 g. NaCl and slowly 
distilled, using a fractionating column to keep back the 2-3-butylene glycol. 
A few pieces of porous plate were used to insure even boiling without 
superheating. About 125-150 cc. of distillate were collected. The distillate 
was made up to a volume of 200 cc. with C02-free distilled water, and an 
aliquot portion examined for the amount of acetylmethylcarbinol present. 
A 50 cc. portion of the distillate was then placed in a 150 cc. pressure 
bottle with 10 grams of K2Cr207 and 30 cc. of 50 per cent H 2S04 . The 
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bottle was then placed in boiling water for 20 minutes. .After cooling, the 
solution was subjected to steam distillation. Each 100 cc. portion of dis-
tillate as collected was titrated with 0.0611 N Ba(OH)2, using phenol-
phthalein as indicator. The distillation was discontinued when the 100 cc. 
portion of distillate required less than 0.5 cc. of alkali. This titration gave 
the total amount of acetic acid present. From this value was subtracted the 
amount of acetic acid resulting from the oxidation of the acetylmethyl-
carbinol. (1 Mol acetylmethylcarbinol = 2 Mols acetic acid.) The inter-
ference of acetylmethylcarbinol in this determination is a factor that has 
been disregarded or overlooked by many workers in this field. 
Volatile Acids. .As the result of the qualitative analysis, it was found 
that the volatile acids to be determined were formic and acetic. .Any method 
for these acids can be no more exact than the method used for separating 
them from the non-volatile acids. There have been several methods sug-
gested for the determination of formic acid based on its reducing power, 
such as that of Kelin ( 1906), in which the neutralized acid is titrated with 
KMn04 , and the method of Fincke (1913) based on the reduction of HgCb 
to Hg2Cl2, which is :filtered and weighed. These methods could not be used 
conveniently in the present investigation, due to the interference of acetyl-
methylcarbinol, which reduces both KMn04 and HgC12• 
The method adopted in this work was a combination of the modifica-
tions of the Duclaux distillation suggested by Knetemann (1928) and 
Virtanen and Pulkki (1928). The distillation constants and the method of 
manipulation were those of Knetemann, the method calculating the rela-
tive amounts of the volatile acids present was that described by Virtanen 
and Pulkki. The original articles should be consulted for the theoretical 
treatment and the essential details of apparatus and technique. The method 
is fairly precise for two volatile acids, but much less so for three. 
The determination was carried out in the following manner. .A 500 
cc. portion of the alkaline fermentation mixture was evaporated to a vol-
ume of about 200 cc., made acid to Congo-Red paper with 25 per cent 
H 2S04 and steam distilled. The indicator paper was left in the solution 
and if, as sometimes occurred, after a few minutes the paper became red, 
sufficient acid was run in through the steam inlet tube to turn the paper 
blue again. The distillate was collected in a two-liter flask. .After 1200-
1500 cc. had distilled over, at intervals the flask was removed and the dis-
tillate collected in a test tube containing one drop of 0.1 N alkali. When 
more than 5 cc. of distillate were required to decolorize the indicator, the 
distillation was stopped. The distillate was then gently boiled for 15 min-
utes under a water cooled reflux condenser at least 70 cm. long, fitted at 
the top with a soda-lime tube, to drive out any dissolved 002• The con-
tents of the flask were allowed to cool in the apparatus and then made up to 
two liters with 002-free distilled water . .A 50 cc. portion was then titrated 
with 0.0611 N Ba(OHh to determine the total acidity, using phenolphtha-
lein as indicator . .A 400 cc. portion of the acid solution was placed in the 
distilling flask with 2.5 g. of granular pumice stone, and distilled at the 
rate of about 50 cc. in 12 minutes. Each 50 cc. portion as collected was 
titrated with 0.0611 N Ba(OHh The distillation values calculated for 
the pure volatile acids by Knetemann are given in table 7. 
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TABLE 7. Distillation values of the pure volatile acws (Knetemann) 
Dis- Percentage of acid in distillate 
tilled 
from Propi-
400 Formic Acetic · onic Butyric Valerie Capl'Oic Caprylic 
cc. acid acid acid acid acid acid acid 
50 4.7 8.2 15.9 23.0 33.8 42.1 69.1 
100 10.0 16.8 31.0 42.7 58.6 69.0 91.9 
150 16.0 26.1 45.6 60.0 76.4 85.4 98.3 
200 22.6 36.1 59.3 74.0 88.3 94.2 99.8 
250 30.5 46.9 72.1 85.2 95.2 98.2 100.0 
300 40.1 59.1 83.5 93.3 98.6 99.7 
--------
350 53.7 73.9 93.3 98.3 99.8 100.0 --------
The amount of each acid present is calculated by means of the follow-
ing equations : 
A+B=Z 
a/100 A + b/100 B = Z1 
where 
A = no. cc. of acetic acid 
B = no. cc. of formic acid 
Z = total acidity of 400 cc. portion in terms of the alkali used 
Z1= no. cc. of alkali required for 200 cc. 
a = distillation value for 200 cc. pure acetic 
b = distillation value for 200 cc. of pure formic 
The distillation values obtained for each of the four fermentations are 
given in table 8. 
TABLE 8. The distillation values obtained for the miatures of volatile acws produced 
by fermentation 
Cc. Xylose Sucrose 
Distilled Aerobic Anaerobic Aerobic Anaerobic 
50 6.2 11.7 6.7 7.5 
100 12.8 23.0 12.5 15.4 
150 19.7 34.1 18.8 23.6 
200 27.0 44.7 25.9 32.l 
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By comparing these values with the values for the pure acids it is evi-
dent that the only series which does not lie between the values for formic 
and acetic acid is that obtained in the anaerobic xylose fermentation. The 
high values indicate the presence of some acid higher than acetic, and the 
characteristic odor of butyric acid was very evident. In this experiment 
the amount of butyric acid was calculated from the following equations: 
A+B+C=Z 
a'/100 A+ b'/100 B + c'/100 C = Z'1 
a/100 A + b/100 B + c/100 C = Z1 
where 
A = no. cc. of acetic acid 
B = no. cc. of formic acid 
C = no. cc. of butyric acid 
Z = total acidity of 400 cc. portions in terms of the alkali used 
Z'1= no. cc. alkali required for 100 cc. of distillate 
Z' = no. cc. alkali required for 200 cc. of distillate 
a'= distillation value for 100 cc. pure acetic 
b' =distillation value for 100 cc. pure formic 
c' = distillation value for 100 cc. pure butyric 
a, b, c = corresponding values for 200 cc. 
Non-Volatile Acids. The residue from the steain distillation of the 
volatile acids was mixed with about 15 grams of Na2S04 and extracted with 
ether for 72 hours in the apparatus previously described (fig. 2). 'rhe 
ether extract was then mixed with 400 cc. of distilled water and the ether 
evaporated. The solution was then boiled for about 10 minutes and titrated, 
while hot, with 0.2487 N Ba(OH)z using phenolphthalein as indicator. The 
solution was then carefully evaporated to a volume of about 100 cc. and 
then mixed with 400 cc. of 95 per cent ethyl alcohol. After standing for 
two days the precipitate of b,arium succinate was :filtered off in a weighed 
Gooch crucible, dried for an hour at 100°, cooled in a desiccator and 
weighed. One gram of barium succinate = 0.4657 grams of succinic acid. 
By knowing the total amount of Ba(OH)z required for the non-volatile 
acids, and the weight of barium succinate, the amount of lactic acid can 
be calculated by difference. 
4. Results of Analysis. The results obtained in the analysis are given 
in table 9, which gives the amount of the substance produced in grams and 
the percentage yield based on the carbon content. The values obtained 
from each sugar under aerobic and anaerobic conditions should be com-
pared rather than the values for xylose and sucrose. The reason for this 
is that the two xylose fermentations were run parallel as were the two 
sucrose fermentations. It will be noted that no butyric acid was found in 
the anaerobic sucrose fermentation while 4.4 per cent was obtained in the 
anaerobic xylose fermentation. This difference is believed to be due, not to 
an inherent difference in the two fermentations, but to a difference in tech-
nique used. In the xylose fermentation the medium was cooled while the 
hydrogen was passing through it, while in the sucrose fermentation the 
solution was cooled before being aerated with hydrogen. 
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TABLE 9. The relative wnwunts of the products formed under aerobic and anaerobic 
conditions from a;ylose and siwrose 
Xylose Sucrose 
Products Aerobic Anaerobic Aerobic Anaerobic 
Grams Pctg. Grams Pctg. Grams Pctg. Grams Pctg. 
co. 12.10 41.1 7.78 26.5 16.439 53.5 10.550 34.2 
2-3, Butylene glycol 2.11 14.1 2.73 18.2 3.024 19.2 3.331 21.0 
Acetylmethylcarbinol 0.52 3.5 0.05 0.3 1.288 8.4 0.113 0.7 
Ethyl alcohol 1.26 8.2 2.58 16.8 2.252 14.1 3.862 23.9 
---
Formic acid 0.76 2.5 0.14 0.5 0.427 1.3 0.534 1.6 
Acetic acid 0.48 2.4 1.05 5.2 0.205 1.0 1.357 6.4 
Butyric acid 0.0 0.65 4.4 0.0 * 0.0 
-···---- ·······-·· ·······-
Lactic acid 0.23 1.1 2.53 12.6 0.455 2.2 2.858 13.6 
Succinic acid 0.34 1.7 0.09 0.5 0.332 1.6 0.534 2.6 
Sugar unused 0.00 0.0 0.00 0.0 0.095 0.5 0.000 0.0 
*This may have been caused by a slight difference in technique. The medium was 
aerated for about three hours after cooling instead of during the process of cooling. 
The results in table 9 show that the relative amounts of certain of the 
products are different when formed under aerobic and anaerobic condi-
tions. Some of the differences are not believed to be of special significance 
because of analytical difficulties and variations in individual cultures. The 
last point has been particularly emphasized by Pederson and Breed (1928). 
Among the significant variations the following may be noted. Regardless 
of whether the sugar fermented is xylose or sucrose, anaerobic conditions 
decrease the production of 002 and acetylmethylcarbinol, while the yields 
of 2-3, butylene glycol, ethyl alcohol, acetic acid and lactic acid are in-
creased. The increase in production of lactic acid is especially striking. 
It is apparent that when organisms of the type of Aerobacter faeni are 
used in the large scale production of 2-3, butylene glycol and lactic acid, 
anaerobic conditions will give much higher yields. 
DISCUSSION 
The fact that only the substances mentioned in the preceding sections 
have been identified does not preclude the possibility of other substances 
being present in very small amounts. Undoubtedly other chemicals are 
present, some, as end products of the fermentation, more, however, as inter-
mediary compounds whose presence is transient. A study of the latter com-
pounds is of utmost importance in explaining the mechanism of the fer-
mentation process. However, a study of the mechanism of fermentation 
is beyond the scope of this investigation. It may be mentioned in passing 
that any theory as to mechanism to be acceptable must satisfactorily ex-
plain the variation in amounts of individual products with changes m 
environment such as has been found in the present investigation. 
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In connection with the qualitative analysis there are several points 
which should be subjected to further study. Walpole (1911) found that 
the 2-3, butylene glycol produced by Bacillus lactis aerogenes from sugar 
was a mixture of several isomeric modifications. His results led him to be-
lieve that the mixture was composed of 90 per cent of an optically inactive 
form whose diphenyl urethane derivative melted at 199.5°, but his experi-
ments gave no indication whether this inactive form was the meso- or 
racemic-isomer. From the other 10 per cent of the mixture he obtained an-
other inactive form which gave a diphenyl urethane with a melting point 
of 157°. Since his glycol preparations were optically active, apparently 
some of the optically active isomer was present. Boeseken and Cohen 
(1928) made a complete study of the configuration of the 2-3, butylene 
glycols. They examined a sample of the glycol produced by fermentation 
and found that it was composed of a large proportion of the meso-isomer 
and small amounts of the optically active and racemic forms. The nature 
of the 2-3, butylene glycol produced by Aerobacter f aeni should be studied 
along similar lines. Another point to be cleared up is the optical activity 
of the acetylmethylcarbinol produced in this fermentation. A third prob-
lem to be investigated is the examination of a large amount of the lactic 
acid produced by Aerobactei· f aeni to discover whether or not the levo-
isomer is the only one present. 
In connection with the quantitative investigation, a determination 
which should be made is the ratio between the amounts of carbon dioxide 
and hydrogen, under both aerobic and anaerobic conditions. It was omitted 
from the present work because of the procedure which was used in main-
taining anaerobic conditions. 
SUMMARY 
It has been shown that Aerobacter f aeni grows well on a simple medium 
containing ammonium chloride as the sole source of nitrogen. A quali-
tative analysis has shown that the same products are formed from both 
xylose and sucrose. The products which have been identified are acetyl-
methylcarbinol, 2-3, butylene glycol, ethyl alcohol, formic acid, acetic acid, 
butyric acid, I-lactic acid, succinic acid, hydrogen and carbon dioxide. The 
relative amounts of these products (except hydrogen) produced under 
aerobic and anaerobic conditions have been studied. The results show that 
the amounts of certain products do depend on these conditions. It would 
seem that when organisms of the type of Aerobacter f aeni are used in the 
large scale production of 2-3, butylene glycol or lactic acid, anaerobic con-
ditions will give much higher yields. 
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Experiments have shown that the production of ammonia and nitrates 
may indicate the rate of decomposition of soil organic matter. It has been 
found also that for certain kinds of organic matter the amounts of am-
monia and nitrates produced are correlated with the amount of carbon 
dioxide evolved, which is probably the most accurate measure of decom-
position. However, with highly carbonaceous materials there may be a 
large production of carbon dioxide and a low production of nitrates. A 
determination of the nitrogen changes in a soil may, therefore, indicate the 
availability and hence the fertility value, at least of certain kinds of or-
ganic matter. 
It is well known that such crop residues as straw and corn stalks 
decompose more slowly than leguminous residues. With the former the 
nitrate content of the soil may be reduced, the decrease being much greater 
than would be expected from differences in nitrification or in total nitro-
gen content of the organic matter. It has been concluded, therefore, that 
the assimilation of nitrates is stimulated to a greater extent by highly car-
bonaceous materials which may decompose more slowly in the soil than by 
materials of a narrow carbon-nitrogen ratio. The varying effects of differ-
ent types of organic matter on soil may be caused by their influence on the 
nitrogen changes in the soil including not only nitrate accumulation and 
production but also assimilation. 
In much of the work along this line, nitrate accumulation rather than 
nitrate production has been measured. Obviously nitrate accumulation 
alone cannot serve as a measure of decomposition as the amount of nitrates 
present at any given time is a resultant of nitrate production on the one 
hand, and on the other of assimilation, denitrification and losses by leach-
ing. Similarly the production of nitrates alone will not show the rate of 
decomposition. The nitrifying power of the soil, the utilization or the 
nitrate-assimilating power of the soil, and the accumulation or the amount 
of nitrates present, must all be determined in order to get a more complete 
picture of the nitrogen changes. It is necessary that all these tests be made 
to determine the exact effect of any given treatment. 
The purpose of this work was to correlate the nitrate-assimilating 
power of soils variously treated with manures and crop residues and the 
types of organisms developing in greater numbers with the treatments, 
with the nitrifying power of the soil and the accumulation of nitrates. 
EXPERIMENTAL 
Methods of Procedure 
Dry virgin Carrington loam was treated with one per cent dry weight 
of various artificial farm manures, ordinary farmyard manure and cer-
tain residues such as oat straw, corn stalks and sweet clover tops and roots, 
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in four-gallon pots in the greenhouse. The materials were finely ground 
and thoroughly mixed with the soil. Each treatment was made in dupli-
cate according to the outline in table 1. The moisture content of the soils 
was adjusted to approximately 50 per cent of the saturation capacity and 
maintained by frequent additions of distilled water. Samples for analysis 
were taken of each soil after one, four, nine and 13 weeks. The nitrate 
content of the soils, their nitrate-assimilating and nitrifying powers and 
the number and genera of molds were determined at each sampling. At the 
first sampling the numbers of bacteria developing upon nitrate agar and 
upon cellulose agar were determined. The nitrogen content of the manures 
and residues was determined by the Kjeldahl-Gunning method. The pen-
tosans were determined by converting into furfural and precipitating with 
phloroglucide. While this method probably does not accurately determine 
pentosans, the results are comparable, and sufficient for the purposes of 
this experiment. 
TABLE 1. Outline of treatments and the analysis of materials 
Soil Percentage N. 
No. Treatment Kjeldahl-
Gunning Percentage 
method pentosang 
1. Check 
2. Farmyard manure 1.41 8.37 
3. Adco-straw manure* 1.91 7.81 
4. Adco-stalk manm·e* 2.07 8.95 
5. Ammonium sulfate-straw manure* 2.10 9.46 
6. Dry oat straw 0.96 19.73 
7. Corn stalks 0.60 22.52 
8. Sweet clover tops 2.03 15.04 
9. Sweet clover roots 1.74 12.91 
*The artificial manures were made by the Adco process, which is described in de· 
tail in Rsch. Bul. 126, Iowa Agr. Exp. Sta. 
Nitrates were determined colorimetrically by the phenol-disulfonic 
acid method. The nitrifying power of the soil was determined by the 
tumbler method according to Waksman ( 5), measuring the nitrifiability of 
the nitrogen contained in the manures as well as the effects of the treat-
ments on the nitrifying power of the soil. 
The nitrate-assimilating power of the soils was determined by measur-
ing the utilization of nitrates in the soil in the presence of an excess of 
nitrates and two per cent of dextrose. Four 100-gram equivalents of dry 
soil from each pot were weighed into tumblers. To the soil in duplicate 
tumblers two grams of dextrose were added and thoroughly mixed with the 
soil and 30 milligrams of nitrogen were supplied by adding KN03 in solu-
tion. Duplicate tumblers of each soil were not treated and served as checks. 
The moisture content of all the soils was adjusted to 30 per cent and the 
tumblers were kept at room temperature for four weeks. After incubation 
the nitrate content was determined. The figures for the nitrate-assimilating 
power were obtained by subtracting the amount present after incubation 
from the amount present in the non-treated soil after incubation plus the . 
amount in the addition. That is, of course, assuming that nitrification may 
take place in the treated soils during incubation. The proof of this assump-
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tion cannot be readily demonstrated in this experiment, but the results of 
other experiments not reported here indicate that nitrification does take 
place when only two grams of dextrose are added and the inctlbation period 
is as long as four weeks. If one assumes that no nitrification takes place in 
the treated soil and calculates the nitrate assimilating power accordingly, 
practically the same tendencies may be obtained as by this method. It is 
recognized that this method for determining the nitrate-assimilating power 
of the soil is not entirely satisfactory, but it is the most satisfactory method 
available at the present time. 
The nitrate agar used had the following composition: 
Dextrose ----··--·-··-·--·-··----10.0 grams 
KN03 -· ---- ·-·- · ----·-·--·- -···· ··- 1.0 grams 
K2HP04 -·-············-·-····-··- 0.5 grams 
MgS04 --·······---·-··········-··· 0.5 grams 
CaC12 ····· ···-- · · ········· · · · ··· · 0.02 grams 
Agar ··········· ················---15.00 grams 
Water ---------------------------- 1 liter 
pH ------- -- --------- -- ---- -- ------ 6.4 
The cellulose agar was made according to the directions given by 
McBeth ( 3) . Waksman's synthetic acid agar was used for determining the 
numbers of molds. Numbers of organisms were determined by the plate 
method. Dilutions of one to one hundred thousand were poured for bac-
teria except on nitrate agar where a dilution of one to one thousand was 
used and of one to one thousand for molds, except for soils 8 and 9, where 
a dilution of one to one hundred thousand was poured. The plates were 
incubated at 25°C. for three days for mold counts and seven days to three 
weeks for the bacteria. In determining the genera of molds, use was made 
of the work of Gilman and Abbott (1) and of Thom and Church ( 4). 
Effect of Manitres and Crop Residues on Nitrogen Changes 
The results of the studies on the nitrogen changes in the soils at the 
first sampling are given in table 2. 
TABLE 2. The effect of manures and crop residues on nitrogmi chang<es in the soil 
(after one week) 
Soil Mgm. nitrate N. per 100 grams of dry soil 
No. Treatment Nitrifying power 
Soil Soil+3o Nitrate Nitrate 
alone mgm. N. as assirnila t- content 
(NH,),SO, ing power 
+210mgm. 
Ca CO, 
1. Check 1.89 9.07 19.38 0.78 
2. Farmyard manure 1.93 11.15 19.46 0.80 
3. Adco-straw manm·e 2.56 11.15 18.24 1.02 
4. Adco-stalk manure 2.11 14.92 17.70 1.02 
5. Ammonium sulfate·straw 
manure 1.87 11.20 18.53 0.94 
6. Oat straw 0 10.17 19.60 0 
7. Corn stalks 0 10.85 18.59 trace 
8. Sweet clover tops 1.67 13.40 24.02 1.67 
9. Sweet clover roots 1.51 16.00 20.40 1.51 
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When incubated alone the nitrifying power of the soil was the great-
est in the soil treated with the Adco-straw manure. The nitrate assimilat-
ing power of the soil was reduced below that of the check and a higher 
accumulation of nitrates occurred. The nitrogen in this manure was more 
readily nitrified than that in any of the other manures. The sweet clover 
roots and the Adco-stalk manure stimulated the nitrifying power of the 
soil as shown when the test was made with ammonium sulfate and lime. 
The oat straw and corn stalks also stimulated nitrification, but no nitrates 
accumulated, although the nitrate-assimilating power was not appreciably 
affected. The largest assimilation of nitrates occurred in the soils treated 
with sweet clover tops and roots. However, the nitrifiability of these mate-
rials and the stimulation in nitrification which they brought about led to 
a very high accumulation of nitrates. The farmyard manure stimulated 
nitrification slightly, but it also increased the nitrate assimilation and 
hence there was no effect on the accumulation of nitrates in the soil. 
The results obtained at the second sampling as shown in table 3 were 
similar to those just discussed. The ammonium sulfate-straw manure, oat 
straw and corn stalks depressed nitrification when tested in the soil alone 
or treated with ammonium sulfate and lime. The Adco-stalk manure had 
little effect on nitrification, but the Adco-stalk manure increased the pro-
cess slightly. The farmyard manure and the sweet clover tops and roots 
brought about a marked increase in nitrification, the sweet clover tops and 
roots having a slightly greater effect. The sweet clover tops and roots con-
tained relatively large amounts of easily nitrifiable nitrogen and hence led 
to a large accumulation of nitrates in the soils. Nitrate assimilation was 
again the i:reatest in the soils treated with the sweet clover tops and roots 
and was about equally stimulated by the corn stalks and oat straw. The 
manures all decreased nitrate assimilation at this sampling. 
TABLE 3. The effect of mainwres wnd crop res·idlues on nitrogen changes in the soa 
(after four weeks) . 
Soil Mgm. nitrate N. pe1· 100 grams of dry soil 
No. Treatment Nitrifying power 
Soil Soi1+30 Nitrate Nitrate 
alone mgm.N.as assimilat- content 
(NH,),SO, ing power 
+210mgm. 
Ca CO, 
- --------- -
1. Check 1.74 14.60 18.72 0.73 
2. Farmyard manure 1.83 21.60 18.24 0.90 
3. Adco-straw manure 2.07 14.98 18.48 0.98 
4. Adco-stalk manure 1.83 14.55 18.00 0.77 
5. Ammonium sulfate-straw 
manure 1.66 13.90 18.16 0.70 
6. Oat straw 0 12.55 19.46 0 
7. Corn stalks 0 12.80 19'.13 0 
8. Sweet clover tops 8.40 22.80 21.87 3.64 
9. Sweet clover roots 8.40 22.80 21.65 3.66 
NITROGEN CHANGES AND MICROORGANISMS IN THE SOIL 159 
The Adco manures stimulated nitrification slightly after nine weeks 
as shown in table 4, and the sweet clover tops and roots had a marked in-
fluence, whereas the farmyard manure and the ammonium sulfate-straw 
manure had some effect when tested in the soil alone, but showed none at 
all when tested with ammonium sulfate and lime. The oat straw and corn 
stalks still depressed nitrification with both tests. The manures all showed 
some availability for the nitrogen contained in them, the Adco-straw ma-
nure having a greater availability than the other manures. The sweet clo-
ver residues showed a large amount of easily nitrifiable nitrogen, the tops 
more than the roots. 
TABLE 4. The effeot of nianures aina crop residues on nitrogen changes in the soil 
(after nine weeks) 
Soil Mgm. nitrate N. per 100 grams of dry soil 
No. Treatment Nitrifying power 
Soil Soi1+3o Nitrate Nitrate 
alone mgm.N. a.s assimilat· content 
(NH,),SO, ing power 
+210 mgm. 
Ca CO, 
1. Check 4.36 36.40 18.36 3.51 
2. Farmyard manure 6.67 36.40 19.77 3.87 
3. Adco-straw manure 7.04 38.10 17.23 4.34 
4. Adco·stalk manure 6.20 39.05 17.05 4.00 
5. Ammonium sulfate-straw 
manure 5.40 36.40 17.99 3.20 
G. Oat straw 0.98 33.60 17.97 0 
7. Corn stalks 0.50 33.68 17.27 0 
8. Sweet clover tops 150.00 62.93 41.00 15.28 
9. Sweet clover roots 41.70 52.00 39.70 9.00 
Nitrate assimilation was depressed by the oat straw and corn stalks 
at this sampling, but no nitrates had accumulated. The sweet clover tops 
and roots had a very great effect on the nitrate-assimilating power of the 
soil at this date. The nitrate content o.f the different soils varied some-
what, the largest accumulation occurring with the sweet clover tops, and 
second with the sweet clover roots. The Adco-straw manure, the Adco-stalk 
manure and the farmyard manure had slight stimulative effects, while the 
corn stalks, oat straw and ammonium sulfate-straw manure depressed the 
accumulation. 
After 13 weeks, as shown in table 5, the detrimental effect of the oat 
straw on nitrification had almost disappeared, but it still persisted with the 
corn stalks. The manures and sweet clover tops and roots stimulated nitri-
fication in much the same way as at the former samplings. The nitrate 
assimilation was greatly 'decreased in all the soils at this sampling, but 
there was again an increase over the check with all the treatments, the 
sweet clover tops and roots having the greatest effect. Nitrate accumulation 
was increased in all the soils except those receiving oat straw and corn 
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stalks. It was the greatest in the soils with the sweet clover tops and roots. 
Only traces of nitrates were found again, however, in the soils treated with 
the oat straw and corn stalks. 
TABLE 5. The effect of m.anures ancl crop residlues on nitrogen changes i11 the soil 
(after 13 weeks) 
Soil Mgm. nitrate N. per 100 grams of dry soil 
-
No. Treatment Nitrifying power 
Soil Soil+3o Nitrate Nitrate 
alone mgm.N.as assimilat- content 
(NH,) 2SO, ing power 
+210mgm. 
Ca CO, 
--
1. Check 4.66 34.30 4.18 3.25 
2. Farmyard manure 6.60 38.92 4.71 3.23 
3. Adco-straw manure 8.75 41.25 4.75 5.63 
4. Adco-stalk manure 7.70 38.50 5.50 4.05 
5. Ammonium sulfate-straw 
manure 7.15 35.46 4.90 3.50 
6. Oat straw 3.07 34.50 7.02 trace 
7. Corn stalks 1.65 30.80 5.90 trace 
8. Sweet clover tops 38.60 63.10 10.85 28.67 
9. Sweet clover roots 26.75 54.00 9.00 21.17 
The Effect of Manures and Crop Residiies on the Nitrate-Assimilating 
and Cellulose-Decomposing Bacteria 
The number of bacteria developi~g on cellulose agar and nitrate agar 
were determined as described above and the results are shown in table 6. 
TABLE 6. Effect of manures and crop residues on the number of bacteria deve"lopmg 
on nitrate agar and cellulose agar 
Soil Number of bacteria per gram 
No. Soil treatment of dry soil 
Nitrate agar Cellulose agar 
----
1. Check 600 6,190,000 
2. Farmyard manure 2,400 7,370,000 
3. Adco-straw manure 9,960 16,500,000 
4. Adco-stalk manure 6,120 14,700,000 
5. Ammonium sulfate-straw manure 600 19,900,000 
6. Oat straw 49,920 20,600,000 
7. Corn stalks 5,760 20,500,000 
8. Sweet clover tops 720 25,800,000 
9. Sweet clover roots 60,000 27,800,000 
-----
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The bacteria developing upon nitrate agar may be primarily cellulose 
decomposers, but they are r eferred to here as ''nitrate assimilators.'' The 
results indicate that while the nitrate assimilators may be cellulose de-
composers, all cellulose decomposers apparently are not nitrate assimilators. 
There was a very large stimulation in the development of the nitrate assimi-
lators by the sweet clover roots and the oat straw. All the other materials 
increased the numbers of these organisms, but to a much less extent, except 
the ammonium sulfate-straw manure, which apparently had little effect. 
In general, the numbers of nitrate assimilators and cellulose decomposers, 
the nitrate assimilation, and the pentosan content of materials were roughly 
proportional and inversely proportional to nitrate accumulation except 
with the sweet clover residues where some other factor, probably the type 
of mold action, enters. 
The numbers of organisms developing on the cellulose agar were more 
nearly the same for the various treatments and apparently more closely 
correlated with the nitrogen changes. The largest number of cellulose-
decomposers developed in the soil treated with the sweet clover roots. 
Smaller increases were obtained in descending order as named with the 
sweet clover tops, the oat straw, the corn stalks, the ammonium sulfate-
straw manure, the Adco-straw manure, the Adco-stalk manure and the 
farmyard manure, the latter showing only a slight increase over the check 
soil. These results as a whole indicate that cellulose-decomposing bacteria 
may be the chief nitrate-assimilating organisms in a soil. 
Effect of Manures and Crop Residues on the Number and Genera of Molds 
· Developing in the Soil 
The numbers of the different genera of molds isolated from the soils 
variously treated for the several periods are presented in tables 7, 8, 9 
and 10. 
Soil 
No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
TABLE 7. Effect of mamures and crop residues on gunera of molds in soil 
(after one week) 
Number of molds per gram of moist soil 
----
Absidia Alter- Asper- Mucor Tricho- Zygo- Peni-
Treatment naria gill us derma rhyn- cil· 
ch us lium 
Check 100 400 2,100 200 
··--·· ···-·· 
100 
Farm manure 
······ ------
2,000 800 
------ ------ ----·· 
Adco-straw manure 100 
------
3,100 400 
------ ······ ------
Adco-stalk manure 100 100 2,500 1,300 
------ ·-···· ------
Ammonium sulfate-
straw manure 100 
···-·· 
2,300 300 
··---· -----· ···--· 
Oat straw 
·-----
100 1,300 1,000 
----·-
100 
------
Corn stalks 100 
-----· 
900 1,400 100 
··---- ------
Sweet clover tops 
··---- ··---· 
900 22,900 ........ . ..... 
------
Sweet clover roots ...... ...... 
--------
25,000 ...... ...... . ..... 
TABLE 8. Effect of manures and crop residues on genera of 1nolds in soil (after four weeks) 
Number of molds per gram of moist soil 
-
Soil Asper- Ab- Alter- De- Glio- Mucor Peni- Rhi- Tricho-
No. Treatment gill us sidia naria mat- clad- cillium zopus de rm a 
ium ium 
1. Check 4,200 
·--··· ······ ---··· 
600 400 
------ -------- ·······--· 
2. Farm manui·e 5,800 
·····- ------
...... 
------
2,200 ...... 200 
---······· 
3. Adco-straw manure 8,000 
------
...... 600 ...... 600 400 600 
------···-
4. Adco-stalk manure 1,800 
···---
...... 
---··- ------
600 
------
. 1,000 4,800 
5. Ammonium sulfate-straw manure 5,200 
------ ------
. ..... ...... 600 200 800 2,200 
6. Oat straw 1,800 
------ ···--· ·-----
...... 1,600 
-·----
1,000 14,400 
7. Corn stalks 200 200 200 . ..... . ..... 600 400 600 3,200 
8. Sweet clover tops 
I 
overgrown with Rhizopus 
9. Sweet clover roots overgrown with Rhizopus 
TABLE 9. Effect of manures and crnp residues on genera of molds in soil (after nime weeks) 
Number of molds per gram of moist soil 
Soil Alter· Asper. Conio- Demat· Mo· Mucor Peni· 
No. Treatment naria gill us thyrium ium nilia cillium 
1. Check 3,400 800 200 
2. Farm manure 4,400 2,000 5,800 
3. Adco-straw manure 2,800 600 2,800 
4. Adco-stalk manure 1,400 600 800 
5. Ammonium sulfate-straw manure 200 1,800 400 200 3,400 
6. Oat straw 8,600 200 200 400 
7. Corn stalks 2,400 1,800 
8. Sweet clover tops 20,000 Overgrown with Rhizopus 
9. Sweet clover roots 8,000 Overgrn.wn with Rhizopus 
Rhi· 
zopus 
200 
200 
200 
Tricho· 
derma 
600 
200 
200 
400 
200 
200 
z 
..... 
>-3 
~ 
0 
~ · 
z 
0 
D1 
I> 
z 
~ 
Ul 
I> 
z 
ti 
~ 
..... 
0 
~ 
0 
0 
~ 
a:i 
I> 
z 
..... 
Ul 
~ 
Ul 
..... 
z 
>-3 
il1 
t':I 
[fl 
0 
..... 
t< 
TABLE 10. Effect of rnanures and crop residues on genera of molds in soil (after thirteen weeks) 
Number of molds per gram of moist soil 
Soil Acre- Asper- Demat- Glio- Fusar- Penicil- Rhi- Tricho- Sporo- Zygo-
'.':J No. Treatment moni- gill us ium cladium ium lium zopus derma tri- rhyn-
ella chum ch us ?:' 
Ul 
1. Check 3,200 600 1,200 200 1,200 400 is: 
..... 
3. Farm manure 200 8,800 4,800 200 1-3 ~ 
3. Adco-straw manure 400 7,000 200 600 > z 
t::i 
4. Adco-stalk manure 200 6,000 200 800 !" 
5. Ammonium sulfate- !'I 
straw manure 7,200 1,400 200 t:d 
:;o 
6. Oat straw 20,600 2,600 600 400 0 ~ 
7. Corn stalks 12,000 200 z 
8. Sweet clover tops 372,000 398,000 134,000 
9. Sweet clover roots 233,000 180,000 
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At the first sampling the species of Mucor and Aspergillus were the 
most abundant. Especially large numbers of species of Mucor were found 
in the soils treated with sweet clover tops and roots. Martin (2) reported 
large numbers of species of Mucor in soils treated with sweet clover tops 
and roots. Every soil tested in this work, except those treated with sweet 
clover and corn stalks, contained many species of Aspergillus. Zygorhyn-
chus and Alternaria were found in the soil treated with straw and Tricho-
derma was found in the soil treated with corn stalks. These three genera 
of molds are well known cellulose decomposers, moreover, species of Tricho-
derma and Alternaria were capable of utilizing 8.10 and 7 .90 milligrams, 
respectively, of nitrate nitrogen from the soil in seven days. 
At the second sampling species of Mucor were found in all soils ex-
cept those treated with the sweet clover tops and roots, which were com-
pletely overgrown with Rhizopus to the exclusion of other genera. Rhizopus 
was found in all soils except the check. Species of Asperpillus were found 
in all soils in large numbers except in those treated with sweet clover tops 
and roots. The numbers of species of Aspergillus were the largest in the 
soil treated with the Adco-straw manure and second largest in the soil 
treated with farm manure. A great many species of Trichoderma were 
found in most of the soils at this sampling, the oat straw bringing about 
the greatest increase in the number of organisms of this genus. Only rela-
tively few species of Penicillium were found at this sampling. 
At the third sampling species of Aspergillus, Penicillium, Rhizopus 
and Trichoderma were found most frequently. Species of Aspergillus were 
found in large numbers in all the soils, the number being especially large 
in the soil treated with the sweet clover tops. The soils treated with the 
sweet clover tops and roots were overgrown with Rhizopus at this sampling. 
At the last sampling very many genera were found. The species of 
Aspergillus were found in large numbers in practically all the soils and 
especially in the soils treated with the residues. The check soil contained 
the largest number of genera, being represented by Aspergillus, Fusarium, 
Rhizopus, Penicillium, Sporotrichum and Trichoderma. Many species of 
Penicillium were encountered in more soils at the third sampling than at 
this time. Species of Rhizopus were found in large numbers in the soil 
treated with sweet clover. Species of Mucor, which were found in the soil 
treated with the sweet clover residues at the first sampling, did not appear 
at this last sampling. 
SUMMARY AND CONCLUSION 
There has been considerable question among investigators whether the 
disappearance of nitrates from soils treated with such highly carbonaceous 
materials as straw is caused by a stimulated nitrate assimilation or a de-
pressed nitrification. These results show that nitrate accumulation in the 
soil is prevented both by a depression in nit.rate production and by a stium-
lation in nitrate assimilation when various organic materials are applied 
to the soil. The sweet clover tops and roots stimulated the nitrate-assimi-
lating power of the soil to a greater extent than did the straw and corn 
stalks, yet more nitrates accumulated in the soils treated with these resi-
dues than in the soils treated with the straw and corn stalks. Undoubt-
edly, this, in part, is caused by the higher nitrogen content of the legumi-
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nous residues and to their more rapid nitrification. It is also due, how-
ever, to the stimulation in the development of large numbers of Mucor 
and Rhizopus soon after treatment. These organisms do not decompose 
cellulose nor assimilate nitrates, but are large producers of ammonia, thus 
increasing nitrate production and accumulation. The straw and corn stalks, 
rich in cellulose and pentosans, stimulated the development of Aspergillus, 
Trichoderma, Alternaria and other cellulose decomposers. These organ-
isms are also heavy feeders on ammonia and nitrates, thus depressing 
nitrate production, stimulating nitrate assimilation and preventing an 
accumulation in the soil. These results would also seem to indicate the 
occurrence of a nitrate-assimilating flora in the soil, and that the cellulose 
decomposers may be the principal nitrate consumers. 
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From the Section of Dairy Industry, Iowa Agricultural Experiment Station 
Accepted for publication February 19, 1931 
The changes brought about in milk through the growth of microorgan-
isms commonly involve the formation of lactic acid. This is produced not 
only by the organisms whose outstanding character when grown in milk 
is the elaboration of lactic acid, for example the members of the Strepto-
coccus lactis group and some of the species of the genus Lactobacillus, but 
also by organisms whose conspicuous effect is the formation of one or more 
other compounds so that the lactic acid production is over-shadowed. Cer-
tain organisms belonging to the genus Clostridium are included in the 
latter group. 
OBJECT 
The work herein reported was carried out to determine the isomeric 
form of lactic acid produced in milk by cultures of anaerobes belonging to 
two types that are comparatively common in dairy products, Clostridium 
welchii and Clostridium butyricum. It involved (a) the preparation 
of zinc salts from the residues remaining when milk cultures were steam-
distilled for the purpose of obtaining the volatile acids, and (b) the ex-
amination of these salts for the percentage of water of crystallization, the 
percentage of ZnO, and in case the salt was active, the direction of the 
rotation. 
HISTORICAL 
Schattenfroh and Grassberger ( 4) studied three species of anaerobic 
bacteria. The one motile species, which did not liquefy gelatin, apparently 
formed in milk small amounts of inactive lactic acid in addition to butyric 
acid. The two non-motile species produced large amounts of d-lactic acid 
in addition to butyric acid. One of the cultures investigated produced 
succinic acid as well as butyric acid. In a later paper Schattenfroh and 
Grassberger ( 5) pointed out that the ratio between lactic and butyric acids 
produced by these organisms was variable. The motile species produced 
d-lactic and butyric acids from dextrose, and probably also from sucrose 
and starch. It was not unusual for the amount of d-lactic acid to exceed 
that of butyric acid. The non-motile organisms when grown in milk pro-
duced nearly equal amounts of d-lactic and butyric acids although great 
irregularities were not unusual. In lactose bouillon there was more d-lactic 
acid formed than butyric acid. Glucose, sucrose and starch were also fer-
mented to d-lactic and butyric acids. 
Esty (2) noted that C. welchii, when grown in milk, formed lactic 
acid in addition to butyric acid. 
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Parsons and Sturges (3), in a study of the metabolism of Clostridium 
putrefaciens, found that non-volatile acids were not formed in meat medium. 
W eigmann ( 6) stated that the non-motile species of anaerobic butyric 
acid bacteria curdle milk by forming lactic and butyric acids, and that the 
motile type forms more butyric acid than lactic acid. 
METHODS 
Thirteen hundred ml. lots of skimmed milk were sterilized in two-liter 
Erlenmeyer flasks and, after being rapidly cooled, each was inoculated 
with one of the cultures to be studied. The freshly sterilized milk pro-
vided good conditions for growth, and seals were not necessary. After 
incubating for one week at 37°C., the contents of a flask were transferred 
to a distillation flask, 60 ml. 1 N H 2S04 added and a steam-distillation 
carried out; one liter of distillate was collected. Following cooling, the 
residue remaining was filtered. The whey obtained was evaporated to a 
small volume and then mixed with plaster of Paris to take up the remain-
ing water. 
The whey residue was put into a thimble and extracted with ether for 
about 15 hours. The ether extract was transferred to a beaker, the ether 
removed by evaporation, water added and then an excess of ZnC03. After 
boiling with charcoal, the fat, ZnC03, charcoal, etc., were filtered off and 
the zinc salt secured by concentration and crystallization; the crystalliza-
tion was as complete as possible. The salt obtained was recrystallized at 
least once, dried, finely ground and dried at room temperature to prac-
tically constant weight. The percentage of water of crystallization was 
calculated from the loss on heating to constant weight at from 108 to 110°C. 
and the percentage of ZnO from the weight after burning in a furnace. 
When the water of crystallization indicated an optically active salt the 
direction of the rotation was determined. 
EXPERIMENTAL 
A zinc salt of the non-volatile acid produced was secured with ten 
cultures of C. welchii and with two cultures of C. butyricum; with a num-
ber of other C. butyricitm cultures the amount of non-volatile acid present 
in the quantity of milk fermented by each culture was too small to yield 
sufficient zinc salt for satisfactory purification. One of the C. welchii 
cultures (designated A) was secured from Dr. I. C. Hall and was found 
by him to belong to Type 2, while the other nine were isolated from milk 
or cream; cultures C and J belong to Type 2; culture G to Type 3; and 
cultures B, D, E, F, H, I to Type 4. The C. butyricum cultures were iso-
lated from milk or cream; they agreed with the description of this organ-
ism as given by Bergey ( 1) except in the action on sucrose. 
All of the cultures studied grew well when inoculated into freshly 
sterilized milk in rather deep layers and readily produced gas and defi-
nite coagulation although the curd formed by the C. welchii cultures was 
usually much firmer than that formed by the C. butyricum cultures. 
Data illustrating the volatile acid production in milk of each of the 
two species are presented in table 1; the incubation was one week at 37°C. 
With the six C. welchii cultures the volatile acids present in the first liter 
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TABLE 1. Volatile acid production in milk of 0. welchii and 0. butyricum 
(incubated one weelc at 97°0.) 
Organisms 
0. welchii 
0. welchii 
0. welchii 
0. welchii 
0. welchii 
0. welchii 
0. butyricum 
0. butyricum 
0. butyricum 
Culture designations 
A 
B 
c 
G 
I 
J 
K 
L 
M 
ml. 0.1 N NaOH required 
to neutralize the volatile 
acids in the first liter of 
distillate steam-distilled 
from 1300 ml. of fermented 
milk 
116.4 
89.2 
57.3 
47.9 
86.1 
42.5 
299.0 
194.9 
202.2 
of distillate secured by steam-distilling the 1300 ml. of fermented milk 
required from 42.5 to 116.4 ml. of 0.1 N NaOH for their neutralization, with 
only one culture requiring over 100.0 ml. of 0.1 N NaOH, while with the 
three C. butyricum cultures corresponding values ranged from 194.9 to 
299.0 ml. of 0.1 N NaOH. These results show that along with the firmer 
curd produced in milk by C. welchii than by C. butyricitm there was a lower 
volatile acid production. 
Table 2 gives the data secured on the zinc salts prepared from the non-
volatile acids formed in milk fermented by C. welchii or by C. butyricum. 
The values for the percentage of H 20 and the percentage of ZnO in the 
TABLE 2. Data secured on zinc salts of the non-volatile acids procl-u~d in m;i,llc by 
0. welchii and 0. butyricum (incubated one weelc at 97°0.) 
Percent-
Culture Rota- age ZnO 
Organism desig- Percentage H 20 in Zn salt tion of in the 
nation Zn moisture 
A B Av. salt free Zn 
salt 
0. welchii A 16.90 16.76 16.83 33.60 
0. welckii B 16.24 16.13 16.185 34.03 
0. welchii 
1st trial c 13.66 13.48 13.57 l 33.89 
0. welchii 
2nd trial c 13.76 13.69 13.725 l 33.51 
0. welchii D 12.88 12.96 12.92 l 33.48 
0. welchii E 13.22 13.26 13.24 l 33.03 
0. welchii F 13.90 13.82 13.86 l 33.30 
0. welchii G 13.18 13.15 13.165 l 33.45 
0. welchii H 13.17 13.04 13.105 z 33.31 
0. welchii I 13,07 13.27 13.17 l 33.54 
0. welchii J 12.88 12.88 12.88 l 
O. butyricum K 18.30 18.38 18.34 34.06 
O. butyricum L 18.42 18.20 18.31 33.45 
33.62 
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salts indicate that the salts were Zn lactate; in general, the ZnO values 
which differed the most from the theoretical were secured on comparatively 
small amounts of salt. The values for the percentage of H20 indicate that 
with the C. welchii cultures the lactic acid produced was active or a mix-
ture of active and inactive. The percentage of H 20 in the Zn salts agreed 
very well with the theoretical for the salt of active acid with two cultures 
(D and J), the values were slightly higher with six cultures, which may 
have been caused by the presence of some free moisture or small amounts 
of inactive acid, while considerable inactive acid was undoubtedly present 
with two cultures (A and B). With the salt preparations from the eight 
cultures producing entirely 0r largely active acid the rotation was l, which 
indicates that the free acid was of the d type. The data presented show 
that with the two C. butyricum cultures the lactic acid was inactive. As 
previously stated, other C. butyricum cultures were investigated, but the 
amounts of non-volatile acid present were too small to yield quantities of 
zinc salt that were satisfactory for purification; an impure salt secured 
from milk fermented by one of these cultures showed water of crystalliza-
tion and ZnO values that indicate inactive lactic acid, although these dif-
fered from the theoretical values to an extent suggesting considerable 
impurity. 
SUMMARY 
A number of cultures of C. welchii, when grown in milk produced 
lactic acid of the d type or a mixture of active and inactive acids. Two 
cultures of C. butyricum, when grown in milk, produced inactive lactic acid; 
a number of others yielded, from 1300 ml. of milk incubated one week at 
37°0., such small amounts of zinc salt of the non-volatile acid that satis-
factory purification was impossible. C. welchii produced smaller quantities 
of volatile acid in milk than C. butyricum. 
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ACIDITY AND COLOR CHANGES IN TOMATOES UNDER 
VARIOUS STORAGE TEMPERATURES 
E. S. HABER 
From the Section of Vegetable Crops, Iowa Agricultural Experiment Station 
Accepted for publication March 10, 1931 
Although tomatoes cannot be stored for long periods of time it is often 
desirable and necessary to hold them for several days or even several 
weeks. Many tomatoes are picked green for shipping purposes, especially 
from the southern states and Mexico. These are shipped in refrigerator 
cars and stored by wholesalers and retailers until they have ripened or 
until they can be disposed of to the retail trade. Very little has been pub-
lished with regard to suitable storage conditions for ripening green fruits 
or holding ripe fruits. A great deal of work has been done with regard to 
storage conditions for apples and potatoes, but the same conditions are not 
suitable for tomatoes. 
Duggar (2) studied the development of pigment in the tomato, but 
his work was concerned principally with development at high tempera-
tures. He found that the red pigment, lycopersicin, is partially or com-
pletely suppressed when green fruits are ripened at a temperature of 30°C. 
or above; instead of the red pigment a yellow-orange or orange-red color 
was produced. The factors for reddening are not destroyed by high tem-
peratures and a return of the fruit to favorable conditions permits pig-
mentation. At high temperatures, decreased acidity accompanied lyco-
persicin suppression. Experiments carried on by Diehl (1) with the va-
rieties, Acme, Globe and Stone tomatoes fully developed but still green 
indicated that they were not injured when held for one day at tempera-
tures of 30° and 31°F. Tomatoes held at 50°F. ripened gradually in about 
nine days, while at 70°F. they ripened in five to seven days. Green tomatoes 
exposed to a temperature of 32°F. for 14, 20 and 30 days failed to ripen 
and quickly broke down when exposed to room temperature. Harvey and 
Wright (3) found that in general, tomatoes in storage or at rest will under-
go a lower temperature than in transit because they can be undercooled to 
a considerable extent without freezing. Sando (5) reports an increase in 
moisture, acids and sugars and a decrease in solids, total nitrogen, starch, 
pentosans, crude fiber and ash during the ripening period. The effect of 
lack of ventilation on ripening was to increase the acid content approxi-
mately 138 per cent over that of vine ripened fruit. 
This paper presents an account of some investigations pertaining prin-
cipally to the changes in acid concentration of tomato fruits in storage at 
several temperatures. It includes measurements of the total acid as well 
as the H-ion concentration and observations as to the coloring or ripening 
of the fruits at several temperatures; also the rate of coloring or ripening 
at room temperature when removed from storage. 
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MATERIAL AND METHODS 
Tomatoes used in these experiments were grown in the college green-
house. The tomatoes were pruned to a single stem, allowing seven to nine 
clusters to develop before topping. In the fall of 1929 both the Grand 
Rapids and Globe varieties were used for storage, but only the Globe variety 
was used in the spring and fall of 1930. The Globe variety is one of the 
principal forcing varieties used by greenhouse men in the northern states. 
The fall crop of 1929 was stored at temperatures of 36°F., 50°F. and 70°F. 
These storage temperatures did not vary more than two degrees except the 
70°F. storage temperature, which occasionally fluctuated as much as five 
degrees. The relative humidity at 36° and 40°F. was 75 to 80, about 70 
in the 50°F. storage and about 60 in the 70°F storage. 
The tomatoes were placed in storage after sorting and grading within 
an hour from removal from the vines. Ripe fruits and green mature fruits 
were stored. "Green mature" is a term used by Rosa ( 4) and refers to 
fruits which are fully developed but still green or greenish yellow. Also, 
the color or condition of the abscission zone of the fruit stem may be taken 
as an indication of maturity. 
Two samples of ten fruits each were used for analysis. Differences 
were mited in the total acid and pH value of individual fruits, but a com-
posite of ten fruits checked fairly accurately if the fruits in each lot were 
of nearly uniform size and of the same degree of ripeness. Medium sized 
fruits were used as much as possible, although Sando (5) found that ripen-
ing proceeded at a uniform rate regardless of size and that maturity de-
pended on age, not size. A composite sample of the juice of the fruits was 
made by squeezing individual fruits through cheese cloth and then filter-
ing the total juice through filter paper in a Buechner funnel. Ten cc. of 
juice were titrated against N/10 KOH, using phenolpthalein as an in-
dicator. 
A portion of the juice was used for pH determinations on the 1930 fall 
crop of tomatoes employed for the storage experiments. The pH values 
were determined by the quinhydrone method. The pH values were also 
expressed as arithmetical ''active acidity units'' according to Wherry 
( 6) in order to have some means for grasping the relative degrees of 
acidity. 
EXPERIMENTAL DATA AND RESULTS. 
Although Sando's (5) results show that maturity depends on age 
rather than size, the writer thought that the position of the fruit on the 
vine might influence the acid content. 
Table 1 gives the results with large and small fruits, both ripe and 
''green mature,'' from the lower and upper parts of the vines. Fruits 
from the lower three clusters were included in one group and fruits from 
clusters five, six and seven in another group. No consistent differences in 
either total acidity or pH were noted. Evidently the acidity of the fruits 
is not affected appreciably by size or position on the vine. Ten fruits each 
were used to make the composite samples. 
Tables 2 to 13, inclusive, give the acid changes as well as the color 
changes occurring in fruits when held at the various storage temperatures. 
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The mature green tomatoes contain more acid than ripe fruits, but the de-
crease in acidity is much more rapid in the green than in the ripe fruits 
in storage. This is especially true of tomatoes stored at 70°F. At the lower 
temperatures, 36° or 40°F., the acid changes in the green mature fruits 
are rather slow and do not accompany color changes or ripening. Very 
little color develops in five to six weeks time, while the decreases in acidity 
are as great, or nearly as great, as in ''mature green'' fruits held at 50°F. 
The same fruits held at 50°F. were ripe within four weeks with no less 
loss in acid than at 36° or 40°F. The green mature fruits at 40°F. devel-
oped very little color, but remained firm. These fruits when placed at room 
temperature, after holding at this temperature two weeks or longer, failed 
to ripen properly and broke down quickly. 
Ripe fruits held at the lowest temperature decreased in total acid 
at about the same rate as those held at 50°F., but much slower than those 
held at 70°F. After the second week in storage the ripe red color gradu-
ally became a little lighter in color and was an orange-red at the end of 
five to six weeks. These ripe fruits were firm, but broke down rather rap-
idly when placed at room temperatures. Acidity changes at 40°F. were 
much more rapid in ripe fruits than in the green mature fruits held at 
the same temperature. 
Tomatoes held at 50°F., either ripe or green mature, kept much better 
than fruits held at the lower or higher temperatures. Ripe fruits remained 
in good condition for at least five weeks and when placed at room tempera-
ture remained fairly firm for four or five days. Green mature fruits slowly 
ripened at this temperature, although the color was a shade lighter than 
vine-ripened fruits. The storage-ripened fruits remained firm at least five 
days when placed at room temperature and the flavor of either ripe or 
green mature fruits was satisfactory. 
Green mature fruits held at 70°F. ripened in five to seven days and 
were dead ripe in ten days. Ripe fruits usually stood up well for five to 
seven days, but shriveling usually occurred in two weeks to three weeks 
time. The acid decreased rapidly with both mature and immature fruits. 
Loss of acid occurred much more rapidly at this temperature. Some fruits 
would remain firm with little or no shriveling for three or four weeks, but 
were rather fl.at in taste. 
Daily tests of acidity were also run for seven days and the data are 
presented in tables 14, 15 and 16. The fruits picked for these tests were 
from vines which had produced most of their crop and the fruits were a 
trifle lower in acidity than fruits picked from the same vines earlier in the 
life of the plant. These plants had passed the period of profitable produc-
tion and this may account for a slight decline in acidity. At 36°F. little 
change in total acidity or pH is found during the first week of the storage 
period, while at 50°F. these changes are slightly greater. Green mature 
fruits at 50°F. show greater loss in acid than ripe fruits and are about 
one-half ripe in that length of time. At 70°F. the acidity changes and 
changes in pH values are much greater and green mature fruits are fully 
ripened in that length of time. 
Loss in weight was also recorded at 40°, 50° and 70°F. The same 
fruits were not used as those used for acidity tests, since the handling in 
weighing each week might have caused slight bruises, which would impair 
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the keeping qualities. The losses in weight are presented in table 17. Green 
mature fruits lose weight more rapidly than ripe fruits, especially at the 
beginning of the storage period. The least weight loss occurred at 40°F. 
and the most at 70°F. Ripe fruits stored at 50°F. lost very little more 
weight than the same fruits at 40°F., while green mature fruits lost weight 
much more rapidly at 50° than at 40°F. 
SUMMARY AND CONCLUSIONS 
Low storage temperatures commonly recommended for many vege-
tables apparently are not satisfactory with tomatoes; 50°F. is much more 
satisfactory than 36° or 40°F. Changes in total acidity and pH are not 
much greater at the former temperature than at the latter. Green mature 
fruits ripen very slowly at 50°F. and are palatable and stand up well at 
room temperatures after several weeks storage at this temperature. Ripe 
fruits also stand up well on removal to room temperature and there is little 
change in color at the end of five weeks in storage. 
Green mature fruits stored at 36° or 40°F. fail to ripen properly in 
storage and when held at these temperatures for two weeks fail to ripen 
properly at room temperatures. Although the fruits are firm, the color is 
unattractive. With prolonged storage, four to six weeks, they break down 
quickly when placed at room temperature. Ripe fruits at this temperature 
change color from a ripe red color to an orange-red and appear watery and 
not very firm. They break down quickly when placed at room tempera-
tures after two weeks in this storage. 
Tomatoes stored at 70°F. lose weight and acid very fast, and green 
mature fruits ripen within a week or less at this temperature. Shriveling 
or wrinkling occurs in both ripe and green mature fruits in a short time. 
Some specimens remain firm without shriveling for five and six weeks, but 
taste fiat, probably because the acidity has decreased very much. 
Fifty degrees F. is a much better temperature than 36° or 40° F., at 
which to store either ripe or green fruits. Although less weight is lost and 
there is less change in acid content, the fruits fail to ripen as well at the 
lower temperatures. Unless quick ripening of green fruits is desired, 70°F. 
is too high a temperature for storage for more than five days. 
TABLE 1. Acidity of large and small fruits from upper and lower ciusters 
Total acid pH 
Large ripe fruits from 5th to 7th cluster 8.0 4.35 
Small ripe fruits from 5th to 7th cluster 8.2 4.33 
Large ripe fruits from 1st to 3rd cluster 8.3 4.33 
Small ripe fruits from 1st to 3rd cluster 7.9 4.35 
Large green mature fruits from 5th to 7th cluster 14.1 4.05 
Small green mature fruits from 5th to 7th cluster 13.8 4.05 
Large green mature fruits from 1st to 3rd cluster 13.7 4.00 
Small green mature fruits from 1st to 3rd cluster 14.0 4.03 
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TABLE 2. Acidity changes in Grand Rapids tomatoes stored at 96° F., fail crop 1929 
Ripe Green mature 
Length Total Color change Total Color change 
<Jf acid acid 
storage 
period 
7 days 14.4 red ripe 17.5 yellowish green 
14 days 14.4 red ripe 14.6 slight pink blush 
21 days 13.9 red ripe 14.2 slight increase in color 
28 days 11.5 lighter red 12.7 slight increase in color 
35 days 10.5 lighter red 11.6 slight increase in color 
42 days 8.1 orange red 
TABLE 3. Acidity changes in Grand Rapids tomatoes stored at 50° F., fall crop 1929 
Ripe Green mature 
Length Total Color change Total Color change 
of acid acid 
3torage 
period 
7 days 14.3 red ripe 17.6 yellowish green 
14 days 13.0 red ripe 15.8 one-half ripe 
21 days 12.1 red ripe 15.1 ripe 
28 days 11.4 red ripe 13.8 ripe 
35 days 10.5 red ripe 11.0 ripe 
TABLE 4. Acidity changes in Grand Rapids tomatoes stored at 70 F., fall crop 1929 
Ripe Green mature 
Length Total Color change Total Color change 
of acid acid 
Storage 
period 
7 days 10.6 red ripe 12.6 ripe 
14 days . 9.8 dead ripe 9.5 ripe 
21 days 9.1 dead ripe 9.4 dead ripe 
28 days 8.5 slight shriveling 8.7 slight shriveling 
35 days 6.9 shrive1ing and spoilage 8.2 spoilage 
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TABLE 5. Acidity chainges Wt. Globe tomatoes stored at 36° F., fall crop 1929 
Ripe Green mature 
Length Total Color change Total Color change 
of acid acid 
storage 
period 
7 days 11.5 red ripe 14.5 greenish yellow 
14 days 11.4 red ripe 14.4 slight pink blush 
21 days 9.5 lighter red 14.2 slight increase in color 
28 days 8.0 lighter red 12.7 slight increase in color 
35 days 7.5 lighter red 12.2 slight increase in color 
42 days 5.8 still lighter 12.3 slight increase in color 
but not half ripe 
TABLE 6. Acidity chainges in Globe tomatoes stored at 50° F., fall crop 1929 
Ripe Green mature 
Length Total Color change Total Color change 
of acid · acid 
storage 
period 
7 days 12.6 red ripe 18.5 yellowish green 
14 days 11.5 red ripe 14.7 considerable pink 
showing 
21 days 10.7 red ripe 13.6 one-half ripe 
28 days 7.6 red ripe 11.5 ripe 
35 days 7.2 r ed ripe 9.5 ripe 
TABLE 7. Acidity changes in Globe tomatoes stored at 70° F., fall crop 1929 
Ripe Green mature 
Length Total Color change Total Color change 
of acid acid 
storage 
period 
7 days 8.6 r ed ripe 12.6 ripe 
14 days 8.2 dead ripe 9.4 red ripe 
21 days 6.3 dead ripe 8.6 dead ripe 
28 days 4.0 mold and rot developing 7.0 some spoilage 
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TABLE 8. Acidity changes in Globe tomatoes stored at 36° F., spring crop 1930 
Ripe Green mature 
Length Total Color change Total Color change 
of acid acid 
storage 
period 
7 days 14.3 red ripe 17.5 greenish yellow 
14 days 14.1 red ripe 15.5 slight pink blush 
21 days 10.1 lighter red 14.1 slight increase in color 
28 days 9.8 lighter red ' 12.7 slight increase in color 
35 days 8.1 lighter red 12.9 slight increase in color 
42 days 6.8 still lighter orange red 11.2 slight increase in color 
but not half ripe 
TABLE 9. Acidity changes in Globe tomatoes stored at 50° F., spring crop 1930 
Ripe Green mature 
. 
Length Total Color change Total Color change 
of acid acid 
storage 
period 
7 days 14.3 red ripe 17.1 yellowish green 
14 days 10.5 red ripe 15.5 considerable pink 
showing 
21 days 10.3 r ed ripe 15.3 one-half ripe 
28 days 8.1 red ripe 11.8 ripe 
35 days 7.8 r ed ripe 10.5 ripe 
42 days 7.4 red ripe 9.2 ripe 
TABLE 10. Acidity changes in Globe tomatoes stored at 70°F., spring crop 1990 
Ripe Green mature 
Length Total Color change Total Color change 
of acid acid 
storage 
period 
7 days 9.8 red ripe 13.2 ripe 
14 days 8.1 dead ripe 10.1 red ripe 
21 days 6.3 dead ripe 8.9 dead ripe 
28 days 5.2 shriveling 6.6 some spoilage 
TABLE 11. Acidity changes in Globe tomatoes stored at 40°F., Fall crop 1930 
Ripe Green mature 
Length Total pH Active Color change Total pH Active Color change 
of acid acidity acid acidity 
storage units units 
period 
·-
I 7 days 10.l 4.33 433 red ripe 15.7 3.95 1125 yellowish green 
14 days 9.7 4.40 400 red ripe 14.6 3.93 1175 I pink showing at blossom end 
21 days 9.3 4.38 420 lighter red 14.1 3.97 1075 pink showing at blossom end 
28 days 8.1 4.45 357 lighter red 12.7 • 4.0 1000 pink showing at blossom end 
35 days 6.9 4.45 357 lighter red 11.3 4.10 800 pink showing at blossom end 
42 days 6.7 4.50 315 orange red 10.3 4.20 630 soft but no spoilage 
49 days 5.4 4.50 315 orange red, watery 
TABLE 12. Aci<lity changes in Globe tomatoes stored at 50° F., fall crop 1930 
Ripe I Green mature 
Length Total pH Active Color change Total pH Active Color change 
of acid acidity aeid acidity 
storage units units 
period 
7 days 10.9 4.40 400 red ripe 16.5 3.90 1250 considerable coloring 
14 days 9.9 4.38 420 red ripe 10.9 4.10 I 800 one-half ripe 
21 days 8.8 4.40 400 red ripe 9.2 4.15 715 one-half ripe 
28 days 6.5 4.45 357 red ripe 8.9 4.25 565 red ripe 
35 days 6.5 4.50 315 red ripe 8.5 4.35 450 red ripe 
42 days 6.5 4.50 315 few specimens 8.4 4.40 400 red ripe 
49 days 5.8 4.60 250 break down 7.3 4.40 400 dead ripe 
Length Total pH 
of aeid 
storage 
period 
7 days 7.7 4.50 
14 days 6.6 4.60 
21 days 5.8 4.60 
28 days 5.4 4.70 
35 days 5.2 4.70 
42 days 
TABLE 13. Acidity changes im Globe tomatoes stored at 70° F., fall crop 1930 
Ripe Green mature 
Aetive Color Change Total pH Aetive Color ehange 
acidity aeid acidity 
units units 
315 deep red 8.5 4.0 1000 nearly ripe 
250 dead ripe 7.7 4.35 450 deep red 
250 soft 6.4 4.5 315 dead ripe 
200 some spoilage 6.4 4.5 315 slight shriveling 
200 some spoilage 6.4 4.6 250 shriveled 
6.1 4.63 I 215 badly shriveled 
....... 
00 
0 
'fABLE 14. Acidity changes in Globe to1natoes, stored at 40° F., spri11g crop 1930 
Ripe Green mature 
Length Total pH Active Color change Total pH Active Color change 
of acid acidity acid acidity 
storage units units 
period 
Initial 
acid 8.1 4.33 433 ripe red 15.2 4.0 1000 yellowish green 
1 day 7.8 4.35 450 no change 15.0 3.95 1125 no change 
2 days 7.7 4.40 400 no change 14.7 4.0 1000 no change 
3 days 7.5 4.35 450 no change 14.8 4.0 1000 no change 
4 days 7.8 4.38 420 no change 14.4 4.05 900 no change 
5 days 7.9 4.40 400 no change 14.1 4.10 800 no change 
6 days 7.7 4.40 400 no change 14.2 4.05 900 no change 
7 days 7.8 4.45 357 no change 14.1 4.05 900 faint pink at blossom end 
TABLE 15. Aoiaity changes in Globe tomatoes stored at 50°F., spring crop 1930 
Ripe 
I 
Green mature 
Length Total pH Active . Color change Total pH . Active Color change 
of acid acidity acid acidity 
storage units units 
period 
Initial 
acid 8.1 4.33 433 red ripe 15.0 4.0 1000 yellowish green ... 
1 day 7.9 4.35 450 no change 14.0 4.0 1000 yellowish green 
2 days 7.5 4.40 400 no change 13.2 4.10 800 faint pink at blossom end 
3 days 7.6 4.40 400 no change 11.4 4.15 715 faint pink at blossom end 
4 days 7.3 4.40 400 no change 10.4 4.20 630 increase in color 
5 days 7.0 • 4.45 357 no change 10.1 4.15 715 increase in color 
6 days 7.1 4.40 400 no change 10.0 4.20 630 increase in color 
7 days 6.9 4.45 357 no change 9.6 4.25 I 565 almost half ripe 
TABLE 16. Daily a-cid-ity changes in Globe tomatoes stored at 70° F., spring crop 1930 
Ripe Green mature 
Length Total pH Active Color change I Total pH Active Color change 
of acid acidity 
f 
acid acidity 
storage units units 
period 
Initial 
acid 7.8 4.40 400 red ripe 15.0 4.0 1000 yellowish green 
I 
1 day 7.7 4.40 400 red ripe 13.2 4.10 800 yellowish grnen 
2 days 7.7 4.40 400 red ripe 12.4 4.10 800 trace of pink at blossom end 
3 days 6.1 4.50 315 red ripe 9.6 4.15 715 coloring rapidly 
4 days 5.9 4.50 315 red ripe 9.4 4.30 500 one-half ripe 
5 days 5.6 4.50 315 red ripe 9.2 4.40 400 
6 days 5.5 4.50 315 red ripe 8.6 4.45 357 
7 days 5.3 4.55 285 red ripe 8.5 4.45 357 ripe 
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TABLE 17. Loss of moisture in storage 
P ercentage P ercentage P ercentage 
Length of Ripe 40°F. Ripe 50°F. Ripe 70°F. 
storage Green Green Green 
mature mature mature 
1 week 1.6 1.8 2.0 4.8 5.3 8.0 
2 weeks 2.3 3.4 4.0 7.0 10.8 12.8 
3 weeks 3.7 4.8 5.6 9.3 16.5 17.9 
4 weeks 5.5 6.3 7.4 11.2 25.3 22.4 
5 weeks 7.4 7.5 9.5 13.1 
6 weeks 9.5 15.1 
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